In this paper we introduce the concept of holistic recommendations, namely a set of suggestions generated by exploiting a more comprehensive representation of the user that relies on the personal information coming from different heterogeneous data sources (e.g., social networks, wristbands, smartphones, etc.) and considers the diverse relations and constraints among the data encoded in the profiles. Specifically, in this article we provide the following contributions: i) we outline a conceptual model for providing holistic recommendations built on the ground of such richer user profiles; ii) we present some challenges related to holistic recommendations that can inspire further research in the field.
INTRODUCTION
With the diffusion of ubiquitous and wearable technologies, as well as Social Network sites, the amount and type of information regarding the individuals are increasing. In this new landscape, characterized by a potentially endless availability of personal data, novel opportunities for User Modeling arise: as a matter of fact, a User Model (UM) could exploit information related to many aspects of the user (from her medical records to her food behavior, from her physiological parameters to her psychological states, etc.), creating a sort of total, holistic representation of a person. The increased complexity of UM would then enable novel forms of personalized services, which may be delivered anywhere at any time, potentially impacting every domain of people's daily life [6] . In particular, new forms of recommendations might be able to give suggestions on an aspect in a specific domain starting from data coming from multiple, and maybe apparently unrelated, contexts. For example, to recommend what to eat to a particular individual, the recommender could take into account not only her food preferences, but also her health condition, her emotional state, the persons she is with, and so on. More precisely, the recommender could consider the user's physician's advice about the diet she has to follow (she is overweight with a heart condition), her current mood (she is sad, and sweet food might turn her day to the better), the place in which she is having the dinner (she is in a pub with a lot of junk food available), how much physical activity she has done today (she run for 1 hour) and this week, and what she will do afterwards (she needs to sleep well since the next day she will have to wake up early to travel for work). In this perspective, each aspect of the user's life, that we called "sphere", can interact with each other and can have a specific weight in the recommendation process.
By following these insights, in this paper we introduce the concept of holistic recommendation, that is to say, a recommendation built on the ground of a holistic and unique representation of the user's needs, interests, knowledge, preferences, internal and external conditions. Such a representation is obtained by gathering rough data from diverse data sources and by reasoning over these data in order to populate the different facets describing the person. As an example, the interests of the users may be inferred on the ground of the places she visits, the topics she discusses or the opinions she expresses on social networks or through the reviews she writes. Accordingly, we propose a theoretical account of "holistic" recommendation as the product of the conjunction of different "spheres of life", such as interests, health, social relations, and so on. Each sphere models a specific facet of the life, and has its own dimensions, i.e. its "features", "constraints", "affordances" and "relations". A consequence is that, whatever the design, the recommendation process has to take into account some "tensions" between the spheres, which may lead or require to dynamically adapt or change the provided suggestions.
The notion of holistic recommendation can be seen as an evolution of context-aware (recommender) systems. These systems have a long tradition in creating algorithms that consider many different variables about the user in order to provide (possibly just-in-time) recommendations, which usually outperform merely content or collaborative-based recommendations. One of the first work demonstrating that context improves recommendation is due to [19] , which presents an approach for adding physical and social context to the recommendation process. Many works follow, which focus on mining social networks in order to automatically infer context features [5, 12, 13, 14, 15] . Others focus on providing real-time dynamic recommendations. Probably the field where real-time recommendations have been most used is tourism [11, 18, 20] . For a comprehensive review of context-aware recommender in tourism see [8] .
Several models have been proposed to help to incorporate all the variables of the context into the recommendation process. For example, [10] proposes to account for the context dependencies by using of Capability Driven Development approach. [10] proposes a model inspired from consumption psychology research. Other approaches try to find better computational ways to manage all the variables, for example using deep learning techniques, such as in [17] . The differences among these previous approaches and our model is that we consider i) an almost complete set of data about the life of a person, and ii) personal correlations among such data.
To sum up, in this article we provide the following contributions: i) We start outlining a conceptual model for providing recommendations built on the ground of holistic user profiles; ii) We present some opportunities as well as challenges and open issues that can inspire the research in the field.
THE NEED OF A CONCEPTUAL MODEL FOR HOLISTIC RECOMMENDATION
The need for a conceptual model is due to the fact that a recommendation that aims to be holistic has to consider a complex pool of heterogeneous data, i.e. different user, usage and environment features, the priorities and the conflicts among them, when and where the recommendation will be delivered, for what purposes, as well as to balance pros and cons, considering the user's personal history, her long-term and short-term goals, and so on. The complexity of managing all such sources of information can be very high. A conceptual model may support and guide designers and developers in the design of holistic recommender systems. In our perspective, a holistic recommendation process is the product of the conjunction of different "spheres of life", i.e. fundamental domains of the user's life, composed of different features pertaining to the user (environmental, physiological, psychological, social, etc.). In other words, each sphere can be seen as a view on a particular aspect of the user's life at a particular time. At moment, we have defined nine different spheres also on the basis of literature about sociology of life course [e.g., 21] (of which a thorough description goes beyond the scope of this paper): health, psychology, work, free time, food, sport, events, social relations, and personal traits. The "health" sphere aims at managing all the personal data about physical health and wellbeing, while the "psychology" sphere is related to the user's psychological wellbeing and "internal life", e.g. her emotions/mood. Whereas "work" concerns the aspects related to the user's job, the "free time" sphere models all the activities carried out in the spare time. The "food" sphere circumscribes all the data about what the user eats and drinks, while "sport" is related to information coming from her physical activity. The "events" sphere includes the information about "special" events, as taking a trip. The "social relations" sphere relates to the user's connections, e.g. her family life/her friends. Finally, the "personal traits" sphere acts as a background sphere since it encodes general and (more or less) stable characteristics of the person, as her demographics, personality, and interests. According to our vision, we think that holistic recommendation algorithms should take into account the information modeled by each sphere as well as the "tensions" that may arise among them. Formally, each sphere is characterized by features, affordances, relations, and constraints. Features. Each sphere circumscribes different user's features (e.g. the user's characteristics, both momentary and in the short/long-term, as well as her context information) and ascribe a value to them. Two different spheres can ascribe different values to the same feature of the same user at the same time: for example, alcohol intakes can have a positive value in the social relations sphere, if the user find drinking with friends pleasurable and relaxing, but a very negative value in the health sphere, if she risks of suffering from heart condition.
Relations. Each sphere has relations with other spheres. For example, sport has primary relations with health and psychology (is related to the user's psychological wellbeing). Each relation is characterized by a weight (i.e., the importance of this relation) and a type (the kind of relation). However, some relations can be idiosyncratic, with reference to both the weight and the kind: for example, the food sphere may have a strong causal relation with the psychology sphere for one user (e.g. eating makes her happy), whereas for another user such connection may have no relevance, but be tied to the work sphere since she is a cook. As a consequence, data pertaining to a sphere can also be connected with data pertaining to other spheres (e.g. sweet food intake is connected with blood sugar level within the health sphere, and with mood level in the psychology sphere).
Affordances. Each sphere presents "opportunities for action", with reference to the range (e.g. types and aims) of recommendations that can be provided. In other words, affordances point to what is possible to recommend, and what is opportune to recommend. For example, we can consider the user's goals in order to decide what to recommend.
Constraints. Each sphere presents some limitations in creating holistic recommendations, in relation to e.g. the connections with other spheres, the availability of data, and the possibility of using them. For example, some data could be limited to a particular sphere and used only at certain times, due to privacy and security issue of the data.
USE CASE: MODELING THE HEALTH SPHERE
Features. The "health" sphere involves different kind of features, for example: 1) User's momentary data: (e.g. heart rate); User's short term data inferred by the raw data: (e.g. high blood pressure today); User's long term data based on trends (e.g. hypertension); and so on (for a possible categorization of user's data for holistic user modeling see [6] ). As an example of ascribed values, temporary high blood pressure may have a negative value if the user suffers from hypertension.
Relations. The health sphere has strict relations with the psychology sphere (causality relation, health impacts on psychology), and food and sport spheres (inverse causality relation, food and sport impact on health). The health sphere may have contrast relations with the food sphere (she loves fat food, but this may jeopardize her health).
Affordances. The health sphere may be targeted to improve the overall user's health, maintain it as is, ignore health problems favoring instead the user's interests, support a specific medical condition (e.g. a chronic disease), etc. The decision of what kind of affordance favor, and thus of what kinds of recommendation deliver (e.g. precise medical prescriptions, or suggestions to make him aware of her condition) could be based on the user's goals and preferences, or third-party recommendations (e.g. the physician's prescription), or the system's "autonomous" judgment.
Constraints. The health sphere regards personal and sensitive data that cannot be shared. The user can have different needs and desires in relation to the disclosure of her health data to other users and therapists, and this could be considered in the recommendation process. For example, health recommendations should not be delivered when the user is with other persons that may see them and discover some sensible aspects of her life.
Let's see an example of use case. Mark is forty-years old, and he suffers from hypercholesterolemia and hypertension that he is trying to control with a healthy life style. His physician gave him a diet, limiting fats and sugar, and recommending avoiding alcohol and doing physical activity at least three times a week. However, Mark finds it difficult to adhere to these prescriptions. He often uses food and alcohol as an "emotional regulator" (when he is stressed or sad he eats much more, especially sweets and fried food), whereas work routines often make him skip his training. When he goes out with his friends, he also tends to drink alcohol, since it makes him more sociable and increases his mood. This week Mark did his exercises as suggested by his physician, but he is stressed for work issues, and his mood has rapidly decreased. In this scenario, a holistic recommendation should suggest during the Wednesday dinner that he eats a sweet to increase her mood, as it prioritized his psychological wellness (exercises may compensate the sugar intakes). However, at Thursday dinner, it suggests that he avoids all food containing high doses of fats and sugar, since it knows that the day after he will go out with his friends tending to drink alcohol.
A RESEARCH AGENDA
In this section, we outline the main opportunities and challenges opened by the proposed model, along with a research agenda in the form of research questions to be addressed in the future. These questions embody our understanding of what theoretical issues are the most important to explore.
"Pervasive" recommendations. Holistic recommenders can provide suggestions in every domain and context of the user's everyday life, becoming a sort of pervasive personal advisor. However, even if extremely accurate, how and when such suggestions are delivered may arise potential issues, e.g. interrupting the user's activities, or being out of context and socially inappropriate (e.g. the user does not want to have recommendations about the diet to follow, which could be seen by her friends, when she is out with them). How can we deal with the complexity of the user's physical and social context to provide "appropriate" recommendations, in relation e.g. to interaction modalities and privacy issues? How can we detect the "right time" to deliver the recommendation, in order to fit the user's everyday tasks without bothering her? Are there times, places, and user's "states" when recommendations can be more effective (i.e. when she is keener on following them), and how can we exploit the holistic user model to identify these optimal moments?
"Predictive" recommendations. Holistic recommenders could be exploited to make forecasts on the user's goals, behavior and preferences on the basis of past and current trends in her data. For example, we can think of smart adaptive systems able to predict what would be useful for users, by simulating the future evolution of their data and setting the right goals to be reached based on such predictions. Then, they could provide recommendations triggered by the user's current condition, suggesting which kinds of actions and changes the user should put in place to meet the set goals. This is a clear shift from how traditional recommender systems and user modeling treat goals. Usually, they try to learn user's goals in order to adapt recommendations to them [2, 3] . How far in the future can we push the forecast of the users' data evolution making accurate predictions? How can we recommend evolutionary paths without being too prescriptive, leaving freedom of choice to the user? Would it be ethical to use knowledge of "sensible" data, like genetic data, to predict possible futures? Would it be ethical to instill fears in the user, even when the aim is to help her take better care of herself?
Holistic modeling. Holistic recommendations are based on a "complete" representation of the user. Such systems could capture every aspect of the user pertaining to the different spheres of her life, even over very long periods of time, and handle their changes, according to a lifelong user modeling vision [3] . In principle, the user could be allowed to explore her holistic user model, which could further scaffold processes of self-reflection. However, not all the aspects contained in the holistic user model need to be represented at the same level of detail, and not all of them should be stored forever. When could a holistic model be considered complete? What is the value of "forgetting" specific past aspects of the user or ignoring present ones? What is the appropriate "granularity" for the modeled concepts in the user model and for the data to be collected? (e.g. food preference data for food recommenders should be modeled at the level of single ingredients, whereas for restaurant recommenders, they should be used at level of kind of cuisine: how can we deal with these different levels?) What are the costs in terms of physical computation? Should we allow the user to scrutinize all the data that compose her holistic user model? What are the best representations (graphical, textual, etc.) to this aim?
"Unconscious" recommendations. Holistic recommendations are based also on those user's aspects that she is not aware of. Continuous tracking of brain activity or of emotional states and reactions [8] , for example, could enable recommendations based on unconscious preferences and wishes. Thus, they could make suggestions without relying on users' rational thinking, but exploiting their visceral tastes. This could happen, for example, before buying something in a store, or when choosing a book to read, or a friend to call. Since these recommendations could be closer to what users really want and feel [7] , would they consider them more "sincere", and would they be more inclined to follow them? Would it be ethical to exploit unconscious data in every sphere of the user's life or are there restrictions to their use?
Priorities and conflicts. Holistic recommenders consider how the different aspects of the user are "incorporated" within each sphere of life. These spheres can work together (e.g. the sport and food spheres could be all aligned at improving the user's health), manifest priorities (e.g. the social relations sphere may be considered primary by the user), or be in contrast (e.g. the food sphere can work against the health sphere, if the user loves to eat certain foods that negatively impact on her health). A holistic recommender has to deal with all these elements. How can we decide which are the most important aspects within each sphere in order to provide the most effective recommendation? How can we consider different relations that exist between the different user's data and spheres, and the peculiar quality that pertains to each of these relations, e.g. causality, synergy, contrast? How can we choose between contrasting priorities when providing recommendations (e.g. the user prioritizes the food sphere, whereas her physician the health one)? Should we let the user decide the priorities or should we "persuade" her?
